NEC 4PD7807/08/09
HIGH-END, 8-BIT, SINGLE-CHIP

NEC Electronics Inc. NMOS MICROCOMPUTERS
C Electronics Inc WITH COMPARATOR AND 8K ROM

PRELIMINARY INFORMATION

Description Pin Configuration
The uPD7807/uPD7808/uPD7809 single chip micro-
computer augments the high-end NEC family of 8-bit ::"E L zg e
microcomputers with on-chip peripheral functions. pad s P e
Like the uPD7811, the device has a fast internal 16-bit Pa, [ o 617 PD,
ALU and data paths, 256 bytes of RAM, a multifunctional Pa, [ 5 607 PD;
16-bit timer/event counter, two 8-bit timers, a USART, Pas ] 6 s9[] PD,
and two zero-cross detect inputs. PAs Q) 7 s8] PD,
PA, [ 8 57{] PD,
Other features are 8K ROM (4K ROM for the uPD7808), PB [ 9 561 PO,
a programmable threshold comparator (8 inputs), a P8, 10 551 PD,
programmable WAIT function, a watchdog timer, hold ::251; :g::’
and hold acknowledge for DMA interfaces, and bit ,Bf dis 2h PF:
test/write instructions for both RAM and 1/0. PB. s sIpPF,
The uPD7809 and uPD7808 are mask-ROM versions o= A f:g::’
with your program on chip. The uPD7807 is the ROM- peocy B asher
less version for prototyping and small volume PC, [J1s Ei a7[] PF,
applications. :gz e wgm.e
3 20 451 WR
Features W
O NMOS silicon gate technology requiring +5 V power PCs 23 42D HOLD
supply P_C’E“ :;g:’
J Complete single-chip microcomputer ’:: c :: ap PTZ
—16-bit ALU MODE1 [ 27 3P,
—8K ROM (4K ROM for the uPD7808) RESET []28 a7 eT,
—256-byte RAM MODEG [ 29 30 PT,
O Large 1/O capability x2 Q3o 3 PT,
—40 1/0 port lines (uPD7809 and uPD7808) v"‘gj; ol
—281/0 port lines (uPD7807) .

—8 input lines

O Two zero-cross detect inputs . .
O Expansion capabilities (64K memory access total) Ordering Information
-—8085A bus compatible Part Max Freq.
—56K-byte external memory address range Number Package Type of Operation
(60K for the uPD7808) uPD7807G-36 64-Pin plastic QUIP 12 MHz
O Programmable threshold comparator 1PD7808G-36
—8 inputs, 1 of 16 software selectable levels 1PD7809G-36
O Full duplex USART uPD7807CW 64-Pin plastic shrink DIP 12 MHz
—Synchronous and asynchronous uPD7808CW
0O 165 instructions uPD7809CW
—16-bit arithmetic, multiply and divide
O 1 us instruction cycle time
0O Prioritized interrupt structure
—3 external
—8 internal
O Hold, hold acknowledge for DMA interface
0J Programmable WAIT function
0O watchdog timer
0O Standby function
O On-chip clock generator
0 64-pin plastic straight or bent tead QUIP or plastic
shrink DIP
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Pin Identification

No. Symbol Function

1-8 PAg-PA7 Port A1/0

9-16 PBg-PB7 PortB1/0

17 PCq/TxD Port C 1/0 line 0/Transmit data output

18 PC4/RxD Port C 1/0 line 1/Receive data input

19 PC,/SCK Port C I/0 line 2/Serial clock 1/0

20 Il':l%}?m/ Port C I/O'Iine 3/Timer input/Interrupt

request 2 input

21 PC4/TO Port C 1/0 line 4/Timer output

22 PCs/Cl Port C 1/0 line 5/Counter input

2324 PCg. PC7/ Port C 1/0 lines 6, 7/Counter outputs 0, 1
C0gp. CO4

25 NMI Nonmaskable interrupt input

26 INT1 Interrupt request 1 input

27 MODE1/M1 Mode 1 input/memory cycle 1 output

28 RESET Reset input

29 MODEO/ Mode 0 input/1/0/memory output
10/M

30,31 X2, X1 Crystal connections 1,2

32 Vss Ground

33 VRTH Port T threshold voltage input

34-41 PTg-PT7 Port T variable threshold input port

42 HOLD Hold request input

43 HLDA Hold acknowledge output

44 RD Read strobe output

45 WR Write strobe output

46 ALE Address latch enable output

47-54 PFg-PF7 Port F1/0

55-62 PDg-PD7 PortD1/0

63 Voo RAM backup power supply

64 Vee 5V power supply

Pin Functions
PAg-PA7 [Port A]

Port A is an 8-bit three-state port. Each bit is in-
dependently programmable as either input or output.
Reset makes all lines of port A inputs.

PBo-PB7 [Port B]

Port B is an 8-bit three-state port. Each bit is in-
dependently programmable as either input or output.
Reset makes all lines of port B inputs.
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PCo-PC7 [Port C]

Port C is an 8-bit three-state port. Each bit is in-
dependently programmable as either input or output.
Alternatively, the lines of port C can be used as control
lines for the USART and timer. Reset puts all lines of
port C in port mode, input.

TxD [Transmit Data]. Serial data output terminal.
RxD [Receive Data). Serial data input terminal.

SCK [Serial Clock]. Output for the serial clock when
internal clock is used. Input for serial clock when
external clock is used.

TI [Timer Input]. Timer input terminal.

INT2 [Interrupt Request 2]. Falling-edge-triggered,
maskable interrupt input terminal and AC-input, zero-
cross detection terminal.

TO [Timer Output]. The output of TO is a square wave
with a frequency determined by the timer.

Cl [Counter Input]. External pulse input to timer/event
counter.

COg, CO¢ [Counter Outputs 0, 1]. Programmable
rectangular wave outputs based on timer/event
counter.

PDo-PDy [Port D]

Port D is an 8-bit three-state port. It can be programmed
as either 8 bits of input or 8 bits of output. When
external expansion memory is used, port D acts as the
multiplexed address/data bus.

PFo-PF7 [Port F]

Port F is an 8-bit three-state port. Each bit is
independently programmable as an input or output.
When external expansion memory is used, port F
outputs the high-order address bits.

PTo-PT7 [Port T]

Port T is made up of 8 variable threshold inputs. The
input of each line is compared to a threshold voltage.
VRTH [Variable Threshold Reference Voltage)
VRTH is the reference voltage that the port T threshold
voltage is derived from.

NMI [Nonmaskable Interrupt]

Falling-edge-triggered nonmaskable interrupt input.
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INT1 [Interrupt Request 1]

INT1 is a rising-edge-triggered, maskable interrupt
input. It is also an AC-input, zero-cross detection
terminal.

RESET [Reset]

When the RESET input is brought low, it initializes the
PD7807/08/09.

MODE1, MODEO [Mode 1, 0]

The MODE1 and MODEQO inputs select the_memory
expansion mode. MODET1 also outputs the M1 signal
during each opcode fetch. MODEO outputs the iO/M
signal. .

HOLD [Hold Request)

When the HOLD input is high, the CPU is put in a hold
state until HOLD is brought iow.

HLDA [Hold Acknowledge]

The CPU brings the HLDA output high when itisin the
hold state, and low when the hold is released.

RD [Read Strobe]

The RD output goes low to gate data from external
devices onto the data bus. RD goes high during reset.
Three-state.

WR [Write Strobe]

The WR output goes low to indicate that the data bus
holds valid data. It is a strobe_signal for external
memory or I/O write operations. WR goes high during
reset. Three-state.

ALE [Address Latch Enable]

The ALE output latches the address signal to the
output of PDy-PD5.

X1, X2 [Crystal Connections 1, 2]

X1 and X2 are the system clock crystal oscillator
terminals. X1 is the input for an external clock.

Vss [Ground]

Ground potential.

Vpp [Backup Power]
Backup power for on-chip RAM.

Vcc [Power Supply]
+5 V power supply.

input/Output

The 4PD7807/08/09 has 8 comparator input lines (port
T) and 40 digital 1/0 lines; five 8-bit ports (port A, port
B, port C, port D, port F).

Comparator Input Lines. PTo-PT; are configured as
variable threshold comparator input lines.

Port A, Port B, Port C, Port F. Each line of these ports
can be individually programmed as an input or output.
When used as 1/0 ports, all have latched outputs and
high-impedance inputs.

Port D. Port D can be programmed as a byte input ora
byte output.

Control Lines. Under software control, each line of port
C can be configured individually to provide control
lines for the serial interface, timer, and timer/counter.

Memory Expansion. In addition to the single-chip
operation mode, the uPD7809 has four memory expan-
sion modes. Under software control, port D can provide
a multiplexed low-order address and data bus; port F
can provide a high-order address bus. Table 1 shows
the relation between memory expansion modes and
the pin configurations of port D and port F.

Table 1. Memory Expansion Modes and Port
Configurations

Memory

Expansion Port Configuration

None Port D /0 port
Port F 1/0 port

256 Bytes Port D Multiplexed address/data bus
Port F 110 port

4K Bytes PortD Multiplexed address/data bus
Port Fo-F3 Address bus
Port F4-F7 170 port

16K Bytes Port D Multipiexed address/data bus
Port Fy-F5 Address bus
Port Fg-F7 170 port

56K Bytes Port D Multiplexed address/data bus
Port F Address bus

4-25
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Block Diagram

X10——
Osc B
X2 O——1
. ()
M Latch T & 15 o)
PC,/TxD “ Inc./Dec. ﬂ
PC,/RxD Serial 10 PC
PCSCK SF 13
EA 12
v A 16 8
Main
B C FoR o PD,-PD,
D E 8 5 (AD,-ADy)
NMI O—~] H L Program N
Interrupt Memo
EA Y
INT1 O—= Control
' A pPD7809
B g | AR 8K-bytes Data
G.R. Memory 1
o £ (,PD7808 (258-byte)
H L 4K-bytes)
Butfer ©
— 5 PC,-PC,
PC,/TIINT2 [ 4
Timer
PC,/TO 0= 8 L_
ﬂ Internal Data Bus M 1
PC,/CI Fimer
PC¢/CO0 O Event s
PC,/cO1 0eq _ Counter 8 s “ © PB,-PB,
&
Watchdog Inst. Reg.
Timer
inst.
Decoder
PT,-PT, <
7 o Port T “ T PA,—PA,
(Comparator) &
Vary O—vd | |
ALY (- L
(8116)
Hold Read/Write System Standby
Control Control Control Control
RD WR A v v, v
Notes: The 4PD7807 has no on chip ROM. HOLD  HLDA RO WR LE J | L bo ce ss
MODE1 MODEO RESET £49-000554C

Timers

The timers consist of two 8-bit timers. The timers may
be programmed independently or may be cascaded
and used as a 16-bit timer. The timer can be software
set to increment at intervals of four machine cycles
(1 us at 12 MHz operation) or 128 machine cycles (32 us
at 12 MHz), or to increment on receipt of a pulse at Tl
Figure 1 shows the block diagram for the timer.
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Timer/Event Counter

The 16-bit multifunctional timer/event counter (figure
2) can be used for the following operations:

Interval timer

External event counter

Frequency measurement

Pulse width measurement

Programmable square-wave output
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Figure 1. Timer Block Diagram
1CL—+
Timer PC, T,

,___._.nﬂe’l_____l [_____Tl"eL‘___ -9 Timer:Event
Counter
PC, no—{ > + i | dog Ti
: i | | v;::.c; Intertace.
L | 1
| Clear l | | Clear ¥ |
! 8-bit | e ! 8-bit !
acL Upcounter | T Upcounter |l
|
128 CL : : | }
| ! 128cL | i
|
| ! I 1
| c } I C |
| ' '
| ! [
| I ! |
| | ! |
| | I I
! Mo | Lo | e j
! | | !
L __ ] L ]
yA—
? Internal Bus
!
Notes: 1 CL = 3/f(250ns: 12MHz operation).
f: System clock frequency (MHz).
49-0005908
Interrupt Structure Table 2. Interrupt Sources
i Interrupt Interrupt Internal/
_There are 11 |r.1terru pt. sources. Three afe external Request Address Type of Interrupt External
interrupts and eight are internal. The foliowing, table 2, — -
shows 11 interrupt sources divided into six priority  'RA0 4 NMi (Nonmaskable interrupt) Ext
levels. See figure 3. INTWD (Watchdog timer) Int
IRQ1 8 INTTO (Coincidence signal from Int
Standby Function timer 0)
K X INTT1 (Coincidence signal from
The standby function saves the top 32 bytes of RAM with timer 1() s
backup power (VDD; if tl:]fhmatin Z(:Jw?{ (VtCCg f:ails. Qn IRG2 16 INT1 (Maskable interrupt) Ext
power up, you canchec e standby flag to determine INT2 (Maskable interrup)
whether recovery was made from standby mode or from — -
a cold start IRQ3 24 INTEQ (Coincidence signal from Int
' timer/event counter)
INTE1 (Coincidence signal from
timer/event counter)
IRQ4 32 INTEIN (Falling signal of Cl and Int/Ext
TO counter)
IRQ5 40 INTSR (Serial receive interrupt) Int
INST (Serial send interrupt)
4-27
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Figure 2. Timer/Event Counter Block Diagram
o -, __<|>——o PC,/CO0
ut
cP Control
EIN ._| >—O PC,CO1
) nternaiBus___(
i |
Timer/Event Counter Timer/Event Counter
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CPT0) (ECPTY)
|
acL
Timer/Event c
PCCl O— clmta:l‘t:counter c::t'
TO ] l ——————= CP1
! — CPO
Comparator C
j cro INTEOQ
[ [
cP1
Timer/Event Timer/Event Iterpt  |— wrer
Counter Register 1 Counter Register 0
EIN
T T ﬁ — INTEIN
lr Internal Bus |
(o )
Edge EIN
Detect
Notes: 1 CL = 3/1 [250 ns: 12 MHz operation].
{: System clock trequency (MHz]. 49-000553C
Figure 3. Interrupt Structure Block Diagram Figure 4. Universal Serial Interface Block Diagram
NMI O— Internal Bus
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INTT1 —
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we—] & Test
INTEIN — Control o
wen— & PC,/AxDO e ;"'%')’“' J l Seri) Regater
INTSR— 3
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ER ST
ov— SR Interrupt
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s8—

. Pc,/ﬁo—l—ﬂ——mmnal Clock
Priority
Control
SK2 SK1
Fogster ), IRQO-IRQ5 _
5
PC, /-rxoo—<=
int Addr g °
SOFT1— EI 49-000591A
@ 49-000548A
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Universal Serial Interface

The serial interface can operate in one of three modes:
synchronous, asynchronous, and /O interface. The
1/0 interface mode transfers data MSB first, for easy
interfacing to certain NEC peripheral devices.
Synchronous and asynchronous modes transfer data
LSB first. Synchronous operation offers two modes of
data reception: search and nonsearch. In the search
mode, data is transferred one bit at a time from the
serial register to the receive buffer. This allows a
software search for a sync character. In the nonsearch
mode, data transfer from the serial register to the
transmit buffer occurs eight bits at a time. In asyn-
chronous mode, the serial interface can act as a fuli-
duplex USART with data transfer rates up to 125K bps.
Figure 4 shows the universal serial interface block
diagram.

Zero-Crossing Detector

The INT1 and INT2 terminals (used common to Tt and
PC3) can detect the zero-crossing point of low-
frequency AC signals. When driven directly, these pins
respond as a normal digital input. Figure 5 shows the
zero-crossing detection circuitry.

The zero-crossing detection capability allows you to
make the 50-60 Hz power signal the basis for system
timing and to control voltage phase sensitive devices.

To use the zero-cross detection mode, an AC signal of
approximately 1-3 V AC (peak-to-peak) and a maximum
frequency of 1 kHz is coupled through an externai
capacitor to the INT1 and INT2 pins.

FortheINT1 pin, the internal digital state issensed as a
0 until the rising edge crosses the average DC level,
when it becomes a 1 and INT1 interrupt is generated.

For the INT2 pin, the state is sensed as a 1 until the
falling edge crosses the average DC level, when it
becomes a 0 and INT2 interrupt is generated.

Variable Threshold Input Port [Port T)
Port T has the following features:

® 8inputlines

® 16 threshold levels from 1/16 to 16/16 of reference
voltage (VRTH)

® |evel selected by writing to mode T register
(figure 7)

® Output of comparator reads 0 until voltage at pin
exceeds selected level

® Comparison execution time: 12 us

Figure 6 shows the block diagram for the threshoid
variable input port. Figure 7 shows the mode T register
format.

Figure 5. Zero-Crossing Detection Circuitry

liNT1
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Figure 7. Mode T Register Format

7 6 5 4 3 2 1 0
I R R A A AR
C T T 7

Specification of 16 Threshold Levels

Vi X %6

VX Yis

olo (o

Vip X %e

Vi x%s

ojojlo|ole

Ve X%

Vo X %6

Vip X 96

Vanx %16

ViuX%s

Vo x%ie

VX We

VrgX e

Vo X 26

Vi X e

Vi X ¥is

Vi X %is

49-000595A

Figure 8. Watchdog Timer Block Diagram

Watchdog Timer

Use the watchdog timer for software or overall perfor-
mance safety checks. if the watchdog is enabled, it must
be cleared at regular intervals in program execution to
avoid watchdog interrupts. Intervals are software selec-
table via the WDM register. Figure 8 shows the block
diagram for the watchdog timer.

Bit Address Instructions

The following bits may be addressed directly with
certain instructions:

® Any bitin the first 16 bytes of memory addressed by
the V register

® Any bit in the five 8-bit I/O ports (A, B, C, D, F)

® Any bit in the comparator port

e Any bit in the following special registers: interrupt
mask, serial mode high, timer mode, timer/event
counter output control.

An addressed bit may be tested, set, cleared, orcomple-
mented. It also may be moved to or from the carry flag.
An addressed bit may be ANDed, ORed, and XORed
with the carry flag.

D

Clear

Clear

TO

128CL.

Prescaler

)

T INTWD

RESET R

Interval
Control

Notes: 1 CL = 3/f [250 ns: 12 MHz operation].
1: System clock frequency [MHz].

49-0005938
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Absolute Maximum Ratings

uPD7807/08/09

DC Characteristics
Ta =—10°C to +70°C; Vgc = +5.0 V £10%; Vgg =0 V; Vo —0.8 V=

Power supply voltages, Vgg ~05Vto+7.0V Vbp = Vog; Ta = —40°C to +85°C (uPD7808)
Voo —05Vto+7.0V Limits Test
AVce —05Vte+7.0V Par y Min Typ Max Unit Conditions
Input voltage, Vi —05Vto+70V Input low ViL 0 08 V
Output voltage, Vg —05Vto+7.0V  voltage
Reference input threshold voltage, VRTy —05VtoVgp +0.1v Input high ViH1 20 Vec VAl except SCK,
- voltage RESET, and X1
Operating temperature, Topg —10°C to +70°C o
10 MHz < fxraL < 12 MHz Vine  08V¢e Vee V. SCK, X1
fyTAL < 10 MHz (uPD7807/09) ~10°C to +70°C Vi3 08Vpp Vee V. RESET
fy7aL < 10 MHz (uPD7808 only) —40°C to +85°C OUItIput low VoL 045 V g =20mA
voltage
Storage temperature, Tgyg («PD7807/09) —40°C to +125°C g -
Output high Vou 24 V gy = —200 xA
Storage temperature, (uPD7808 only) —65°C to +150°C voltage
Comment: Exposing the device to stresses above those listed in Input current |} +200 wA INT1, TI(PC3);
Absolute Maximum Ratings could cause permanent damage. The +045V=Vy
device is not meant to be operated under conditions outside the =Vce
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended Lerrlrjéllteakage i 10 pA ll-l\\:!l'?)(gf(%tcg)
periods may affect device reliability. 0V =Viy=Vee
Operating Conditions Output leakage I o +10 pA +045V <V
current = Vg
Oscillating Frequency Ta Veor AVge Varn input IRTH 02(1) 06 mA Va= Voo
10 MHz < fy1ap < 12 MHz —10°Cto +70°C  +5.0V £ 5% current
fx1aL = 10 MHz —10°Cto +70°C  +5.0V = 10% Vpp supply Iop 15(1) 35 mA
(uPD7807/09) current
fx7aL < 10 MHZ —40°C to —85°C  +5.0V + 10% Vge supply lec 150(1) 220 mA
(«PD7808) current
Note:
Capacitance (1) TA=25°C: Vog = Vpp = +5.0 V
Limits Test
Par Sy Min Typ Max Unit Conditions Hold °perat'°n
- TA=—10°Ct0+70°C;Vcc =+5.0V£10%; Vgg=0V; Vo — 0.8V =
Capacitance Ci 10 pF Afg=1MHz. v, <vge: Ta = —40°C to +85°C (uPD7808)
Output Co 20 pF Unmeasured Limits Test
capacitance pin returned - ) es
170 capacitance c % oF 100V Parameter Symbol Min  Typ Max Unit Conditions
19 : HOLD tsetup tgup 2T + ns
time to ALE 1 150
ALE T to toLHA T+ ns
HLDA 1 delay 150
HLDA ttobus tegua 0 ns
floating
HOLD ! to tHopA T-50 4T+ ns
HLDA | delay 150
HLDA | to bus  tenap 0 ns
enable time
Bus setup time  tg_ 2T — ns
to ALE 100
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Comparator Characterisctics Data Retention Characteristics
Ta=—10°C to +70°C; Voo = +5.0 V £10%; Vgs =0V: Vgc —0.8V=  Ta = —10°C to +70°C; V¢ = 0 V. Vpp = VDDDR: Ta = —40°C to
Vpp = Veg: Ta = —40°C to +85°C {(uPD7808) +85°C (uPD7808)
Limits Test Limits Test
Par y Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Comparison Vacome +100 mV Data retention  VpppR 32 55 V. RESET=Vy_
accuracy voltage
Threshold VTH 0 Voo V Data retention  IpppR 13 30 mA RESET=V)_
voltage supply current Vpppr =32V
Comparison time  tcome 144 145 toye
PT input voltage VipT 0 Vee Vv
External Clock
Tp=—10°C t0 +70°C; Vgg = +5.0 V £10%; Vgs =0V; Vg —0.8 V=
Vpp < Voc: Ta = —40°C to +85°C (uPD7808)
Limits Test
Par y ] Min Typ Max Unit Conditions
High level width  ten 30 250 ns
Low level width  tg 30 250 ns
Rising time tr 0 30 ns
Falling time t 0 30 ns
AC Characteristics
Vgs =0V, Vgg —0.8 V < Vpp < Vcc: See Operating Conditions table
Limits
fxraL = 10 MHz fxtaL =12 MHz Test
Parameter Symbol Min Max Min Max Unit Conditions (1)
Read/Write Operation
RESET pulse width tpp 6.0 5.0 us
Interrupt pulse width tip 3.6 3.0 us
Counter input tol 600 500 ns Event counter mode
pulse width tel 48 40 us Pulse width measurement mode
Timer input pulse width tn 600 500 ns
X1 Input cycle time teve 100 250 83 250 ns
Address set-up to ALE | taL 100 65 ns
Address hold after ALE | LA 70 50 ns
Address to RD | delay time taR 200 150 ns
RD ! to address floating tAFR 20 20 ns
Address to data input tap 480 360 ns
Note:

(1) Load capacitance: C_ = 150 pF.
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AC Characteristics (cont)
Vss =0V, Voo —0.8 V < Vpp < Vi See Operating Conditions table

Limits
IXTAL = 10 MHz IXTAL = 12 MHz Test
Parameter Symbol Min Max Min Max Unit Conditions (1)
Read/Write Operation
ALE | to data input tLoR 300 215 ns
fD { to data input tRD 250 180 ns
ALE | 10 RD ! delay time tR 50 35 ns
Data hold time to RD ! tROH 0 0 ns
RD 1 to ALE T delay time tRL 150 115 ns
RD width low tRR 350 280 ns Data read
650 530 ns Opcode fetch
ALE width high L 160 125 ns
M1 setup time to ALE } tML 100 65 ns
M1 hold time from ALE | tm 70 50 ns
10/M setup time to ALE | tL 100 65 ns
10/M hold time from ALE | ty 70 50 ns
Address to WR | delay taw 200 150 ns
ALE | to data output tLow 210 195 ns
WR | to data output twp 100 100 ns
ALE | to WR | delay tLw 50 35 ns
Data set-up time to WR 1 tow 300 230 ns
Data hold time to WR 1 twoH 130 95 ns
WR ! to ALE 1 delay time twi 150 115 ns
WR width low tww 350 280 ns
Note:

(1) Load capacitance: C = 150 pF.
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Serial Operation
See Operating Conditions table

fXTAL = 10 MKz fxTAL = 12 MHzZ Test

Parameter Symbol Min Max Min Max Unit Conditions

SCK cycle time tovk 12 1 us SCK input (4)
500 500 ns SCK input (5)
24 2 us SCK output

SCK width low tKKL 500(6) 400(7) ns SCK input(4)
200 200 ns SCK input (5)
1100 900 ns SCK output

SCK width high tKKH 500(6) 400(7) ns SCK input (4)
200 200 ns SCK input (5)
1100 900 ns SCK output

RxD set-up time to SCK 1 tRxK 80 80 ns (4)

RxD hold time after SCK tKRX 80 80 ns (4)

SCK | TxD delay time tkTX 210 210 ns (4)

Note:

(4) 1x Baud rate in Asynchronous, Synchronous, or I/0 Interface mode.

(5) 16x Baud rate or 64x Baud rate in Asynchronous mode.

(6) 505 ns min for uPD7808 only.

(7) 420 ns min for uPD7808 only.

Zero-Cross Characteristics

Limits

Parameter Symbol Min Typ Max Unit Test Conditions

Zero-cross detection input Vzx 1 3(8) VACp.p AC coupled

Zero-cross accuracy Azx +135 mv 60 Hz sine wave

Zero-cross detection input frequency fzx 0.05 1 kHz

Note:
(8) 1.8 VACy,., max for uPD7808 only.
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Bus Timing Depending on tcyc

Bus Timing Depending on tcyc (cont)

Symbol Galculating Expression Min/Max Symbol Calculating Expression . Min/Max
trp 60T Min taw 3T —100 Min
tn 6T Min tLow T+ 110 Max
tci(2) 6T Min tw T-50 Min
tc(3) 48T Min tow 4T — 100(4) Min
tip 36T Min twpH 2T-70 Min
tAL 2T — 100 Min twL 2T — 50 Min
tLa T-30 Min tww 4T — 50(4) Min
taR 3T — 100 Min toyk 12T (SCK input)(1) Min
tap 7T — 220(4) Max 24T (SCK output)
tLor 5T — 200(4) Max tkKL 6T — 100 (SCK input)(1)(5) Min
trD 4T — 150(4) Max 12T — 100 (SCK output)
LR T-50 Min tkKH 6T — 100 (SCK input)(1)(5) Min
tRL 2T - 50 Min 12T — 100 (SCK output)
tRR 4T — 50 (Data Read)(4) Min Note:

7T—50(0pcodeFetch)(4) (1) 1x Baud rate in asynchronous, synchronous, or I/Q interface
W 2T~ 40 Min mode. ;
e 2T — 100 Min T=tove = 70
i T_30 Min :;29 items not included in this list are independent of oscillator

quency (fxTar)-

ti 2T — 100 Min (2) Event counter mode.
0 T_30 Min (3) Pulse width measurement mode.

(4) Add 3T when using external program memory with programmable

Timing Waveforms

Read Operation

WAIT function.
(5) 5T+5 (SCK input)(1) min for uPD7808 only.

| ;

1, | 1, |

AB,;-AB,
(PF,-PF,)

ADDR, - ADDR,.

0,-0, ADDR,- ADDR, . Y Data-in )___W:

ot o et —]

ALE J

‘LDH

tarn

- 'AL -

|-
P

1

MODEO [iO/M]
[Note 1)
W ————={ =t

register|s] Sr-Sr2, if MODEQ is pulled up to V¢

Notes: [1] iO/M signal is output to the MODEG pin during a read or write of special

49-0005438
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uPD7807/08/09 NEC

Timing Waveforms (cont)

Write Operation

AB,-AB,
eyl ADDR,-ADDR, D

le——— t pw ———d

:3;670_%00) :D ADDR,—ADDR, Data-out m

-—'LL 'LA ——— .uvv l‘MI)F(
ALE [e—=1two

‘_'AL#' .WW .WL
WwR "y
lo— t, o —=
‘Aw
MODED [I0/M)
[Note 1]
o — *tu
Notes: (1] iom signal is output to the MODED pin during a read or write of special
register(s) Sr-Sr2, it MODEO is pulled up to V.
49-0005448
Opcode Fetch Operation
| " | g | " | " |
AVAVAVAVAVAWAVAWA WAV WAV W
AB,;-AB -
e ADDR,-ADDR,
L tron
AD,-AD ADDR,-ADDR. ode SIS .
(PD,—PDy) D Ro : Ope >~

W ———
L ta ta e
ALE 4
fe——— 1, ——={ r’— thp—

tan

MODE1 [M1]
(Note 1) {7
f—— e *tim

Notes: [1) M1 signal is output to the MODE1 pin during opcode fetch it MODE1 pin
is pulled up to V.

14 000
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NEC vPD7807/08/09

Timing Waveforms (cont)

Serial Operation Transmit/Recleve Timing

‘KKL tI(I(M —
SCK Y \

>0 X
le— turx —e|
RxD X
(RXK ‘KR!

49-000546B

Hold Operation

.
ALE !
f— g, .

HOLD "
tshoL ——|
HLDA Ve v
toLma
PF,~PF, { b e
PD,-PD, ks -
RD, WR [ tooa—,
tFBNA _.‘ fe— 'EMAB
439-0005498
XTAL Oscillation Circuit External Clock Timing
0.8Ve —ton—
c
1l Py
11 I X1
=
T 49-000550A
1t x2
¢ AC Timing Test Points
_—_‘-_ _— 24v 2.0V 2.0V
C =10 pF -
490005528 oasv X >> Test Points <t
08V 0.8V 9000551
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vPD7807/08/09 NEC

instruction Set Instruction Set Symbol Definitions
in addition to the basic 7800 family instruction set, the Symbol Description
uPD7807/08/09 executes the following types of — Transfer direction, result

instructions: -
ue Logical product (logical AND)

A
[J 16-bit data transfers between memory, registers, Vv Logical sum (logical OR)
_V.

and extended accumulator
O 16-bit addition and subtraction
O 16-bit comparison and skip - Complement
O 16-bit AND, OR, XOR operation . Concatenation
O 16-bit data shift and rotation
OJ Multiply; 8-bit by 8-bit, 16-bit product (lessthan 8 us

Exclusive OR

. Remarks
execution)
O Divide; 16-bit by 8-bit, 16-bit quotient, 8-bit remainder 1. sr-sr5 (special register]
(less than 15 us execution) PA = Port A ECNT = Timer/Event
O Working register instruction for efficient RAM PB = PortB Counter Upcounter
addressing, testing, and manipulating PC = PortC ECPTO = Timer/Event
O Direct bit addressing for code-efficient addressing, EE = EOTIE ggg%af CTap'fUr;?EO .
H R H B H R = Por = fimer/tven
tes(;mg,dand rr)ampulatmg bits in RAM, port lines, PT — Port T Counter Capture 1
and mode registers. MA = Mode A ETMM = Timer/Event
MB = Mode B Counter Mode
Operand Format/Description MC = Mode C EOM = Timer/Event
P " " — MCC = Mode Control C Counter OQutput Mode
orma escription MF = Mode F WDM = Watchdog Timer Mode
r V,A,B,C,D,EH L MT = Mode T TxB = Tx Buffer
rn EAH,EAL,B,C,D,E.H L MM = Memory Mapping RxB = Rx Buffer
r2 A B, C TMg = Timer Register 0 SMH = Serial Mode High
st PA. PB. PC. PD. PF, MKH, MKL, SMH, SML, EOM, ETMM, m;w:_T}f"e’ R:ng'jter 1 m’(‘h i%‘"”i‘ MP?f Low
TMM, MM, MCC, MA, MB, MC = limer Mode —paschig
; ' N WD MT ETM = Timer/Event MKL = Mask Low
MF, TxB, TMg, TMy, WOM, MT Counter Register 0
sri PA, PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM, RxB, ETM, = Timer/Event Counter
PT, WDM X
&2 PA.PB, PC, PD, PF, MKH, MKL, SMH, EOM, TMM Register 1
sr3 ETMg, ETM4 2. rp-rp3 (register pair}
4 ECN? ECPTO, ECPT1
sr } . — - —
S5 PA, PB, PG, PD, PF, MKH, MKL, SMH, EOM, TMM, PT P poack Pointer H=
p SP,B, D, H =DE EA = Extended Accumulator
rp1 V,B,D, H,EA - -
p2 SP. B.D, H. EA 3. rpa-rpa3 (rp addressing)
rp3 B,D. H B = (BC) D++=(DE)+2
T D = (DE) H+ +=(HL) + 2
e 5 g'n'[’*"”'” M H = (HL) D + byte = (DE) + byte
pa2  B.D.H,D+ H-+.D— H— D+byte,H+AH+B, PR B I
rpa3 g‘t‘%\ S AR byte, H+ A, H + B. H + EA, Vi ((EB ! ne ﬁA;_(H(h)J e
H - byte = T byte = (L) 7 byte
wa 8-Bit immediate data 4 flfiag)
word 16-Bit immediate data CY = Carry HC — Half Carry Z=Zero
byte 8-Bit immediate data 5. irf (interrupt flag)
bit 8-Bit address of bit location NMI = NMI input FEIN = INTFEIN
f CY,HC, Z FTO = INTFTO FSR = INTFSR
irf NMI, FT0, FT1, F1. F2, FEO, FET, FEIN, FSR. FST, ER, OV, AR P TS FsT
IFE2. SB F2 = INTF2 OV = Overflow
FEO = INTFEO |E2 = Interrupt Enable F/F2
FE1 = INTFE1 SB == Standby
4-38

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



uPD7807/08/09

| [} % 4 L 00 L 0t (Hedt) — (Hv3)(leds) — (1v3)  gdr'y3
! ¥ % M L 0o L L o0 | (Hv3) — (Hed1)'(y3) — (Tgd)) v3 'edy AOWG
M0110G Ji pug
(1+9) b=} =)'} = () — (H)
! X gl L0 0 0 L 0 0 0 ‘| - (30 — F0 (W — (30) -a
M0110q JI pug
(1+9) L=(0) = )1+ (H) = (H)
| X gl 0000 L 0 00 ‘I +(30) —» (30) (M) — (30)  +a %9018
Jojsuey] eieq 1g-91
(V) (' () = (V'(H) —
H)'(3) < @) (@) « (@) (2) «~ ()
1 8 L0 L L oL o0t 00 0 L 00 L 0 (.8) < (8)'(¥) «» (W)'(A) (N X3
Z {] 0 L L L 0L 0 000 L 00 L 0 ()« (V'(H — (H) HX3
2 8 00 L L 0O L 0 | 0 0 0 L 0 0 L 0 (V) > (v2)'(¥) «— (W)(A) = (A vX3
()« (V'CH — H'(I) Q)
1 (] bbb b0 L0t 00 0 L 00 L 0 (0) «— (0)'(9) « (0)'(8) « (8) XX3
2 (€)EL/L (@) ereq Oy lyoy L 0 | 0 % ((zedy) — (v) zeds Xva1
Z (€)eL/2 () eieg Oy lyey + | | 0 % (v) — (ced))  zeds, XV1S
Z 0t 13510 L 00 0 0 0 0 0 ((emo(p)) — (y) em, Mval
2 0 19840 L L0 00 L Lo v — ((em)e(n) M, MYLS
Z [ ejeq % ly o L o0 L 0 ahq — (1ed)) aihq’jed), XIAW
eleq
£ gl 19540 L0 0 0 L L L O alAq — ((em)e(p)) Alfq ‘'em, MIAW
eleQ
£ vt 5!s¢ 0 00 0 00 L 00 L L 0 34q — (215) akq'zs
1=1001198
1=1pue | =01 V=1)1718s
y=lpuei=41 2 l eleq O W2 L 0L L oD kg — (1) kg, AW
Jppe ybiy 1ppe mo7
b il Oy oy 1oL L Lo 00 00 L L + 0 (1} — (prom) rpiom
1ppe ybig ppe Mo
b i O ey L oL Lo 0000 L L } O (piom) — (1) pioms
Z o Ug lg 2 85 g S5 | | 00 L L 00 + 0 (118) — (v) LISy,
[ ol 0g lg 25 €5 bg Sg | | L0 L L0 0 L o0 (V) = (18)  vyis,
b b O 42 1L 00 0 0 () —(v) up'y
L v Op b e 1L L0 00 (V) (1) Y AOW
Jajsuey eieq 11g-g
__..“._._.8 sajhg (1211 0 i 9 L 0t 2 ¢ v S 9 L uopesedp pupsadg uowIuN
(L[ 2]
1a
9pog uoyesadg

}9§ uononAsu|
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Z 8 Oy ' 0 + 0 L O 00000 L + O A+ (W) +0) -0 v
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